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Abstract 

Background: To investigate the effect of an early childhood obesity prevention intervention, incorporating a parent 
modelling component, on fathers' obesity risk-related behaviours. 

Methods: Cluster randomized-controlled trial in the setting of pre-existing first-time parents groups organised by 
Maternal and Child Health Nurses in Victoria, Australia. Participants were 460 first-time fathers mean age = 34.2 (s.d.4.90) 
years. Dietary pattern scores of fathers were derived using principal component analysis, total physical activity and total 
television viewing time were assessed at baseline (infant aged three to four months) and after 15 months. 

Results: No significant beneficial intervention effect was observed on fathers' dietary pattern scores, total physical 
activity or total television viewing time. 

Conclusion: Despite a strong focus on parent modelling (targeting parents own diet, physical activity and television 
viewing behaviours), and beneficial impact on mothers' obesity risk behaviours, this intervention, with mothers as the 
point of contact, had no effect on fathers' obesity risk-related behaviours. Based on the established links between 
children's obesity risk-related behaviors and that of their fathers, a need exists for research testing the effectiveness 
of interventions with a stronger engagement of fathers. 
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Background 

The worldwide prevalence of childhood obesity is of 
concern. In Australia, 21 to 24% of children aged two to 
sixteen years are overweight or obese [1]. These data are 
comparable with those from other developed nations 
[2-4]. Childhood obesity is an acknowledged risk factor 
for the development of non-communicable diseases [5] 
and whilst the determinants of childhood adiposity are 
multifaceted, energy-balance behaviours are important 
predictors [6,7]. 

Evidence suggests that weight status and its behav- 
ioural determinants track throughout childhood into the 
adult years [8-10]. Children's learning about food, phys- 
ical activity and sedentary behaviour is considerable 
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during their formative years; through the observation 
and imitation of significant others [11-15] and these 
foundation years are likely to be where the influences on 
children's behaviours are greatest [16-18]. The influence 
of parents on children's eating and activity is considered 
pivotal, although most research focuses on maternal 
influence. 

Evidence linking fathers' and children's dietary, phys- 
ical activity and sedentary behaviours is beginning to ac- 
cumulate [19-22]. For example, Moore and colleagues 
reported that young children (4-7 years) were 3.5 times 
more likely to be active when their father was also 
active, with the likely mechanisms being role modelling, 
sharing of activities and support for physical activity 
[19]. This is supported by work from Cleland et al. who 
reported that paternal reinforcement and direct support 
for physical activity was positively associated with 4-7 and 
10-12 year old boys' physical activity [22]. Associations 
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between fathers' and children's dietary intake and physical 
activity have also been examined by Morgan and col- 
leagues [23]. They reported that fathers participating in a 
healthy lifestyle program targeting obesity risk behaviours 
achieved significant weight loss and improved health- 
related outcomes, whilst their co-participating children 
improved their eating and physical activity behaviours 
[23]. Whilst scarce, research focusing solely on dietary be- 
haviours reveals similar results. For example, Hall et al. 
and Mcintosh et al. both reported positive associations be- 
tween fathers' eating habits and that of their children 
[21,24]. Collectively, these studies provide strong support 
for the notion that fathers' eating and physical activity be- 
haviours influence their child's health behaviours. 

In addition to the associations between children's and 
fathers' health behaviours, mothers' and fathers' health be- 
haviours have also been shown to correlate. For example, 
Feunekes et al. and Oliveria et al. both reported correlations 
between mothers' and fathers' macro and micro nutrient in- 
takes [25,26] whilst Northstone et al. and Lioret et al. re- 
ported correlations between identified dietary patterns in 
mothers and fathers [27,28]. These relationships suggest 
that the dietary behaviours of one parent may influence the 
dietary behaviours of the other [29]. It was in the context of 
the associations between the diets of mothers and fathers 
and the diets of mothers and their children, that the Mel- 
bourne InFANT Program was developed. The InFANT 
program is an early childhood obesity prevention interven- 
tion with a strong focus on parent modelling using mothers 
as the point of contact, the aim of which was to test the ef- 
fectiveness of an early childhood obesity prevention inter- 
vention, focussing on parenting skills which support the 
development of positive diet and physical activity behav- 
iours, and reduce sedentary behaviours in infants from 
three to 18 months of age. Results of the study previously 
reported have included the effects of the intervention on 
children's and mother's diet and physical activity [30], the 
correlation between mothers' and fathers' diets [28]; an ana- 
lysis of the extent to which the association between mater- 
nal education and infant diets is mediated by mother's diets 
[31]; and an analysis of the effect of the intervention ac- 
cording to maternal education and age [32]. 

The aim of the present study is to test the hypothesis 
that this early childhood obesity prevention intervention 
would improve the dietary, physical activity and seden- 
tary behaviours of fathers via the behaviour and role 
modelling of mothers, noting that mothers have trad- 
itionally been considered the gatekeepers of the family 
food environment [33,34], 

Methods 

Study design 

The Melbourne Infant Feeding Activity and Nutrition Trial 
(InFANT) Program is a cluster-randomized controlled trial 



(RCT) undertaken within pre-existing first-time parent 
groups (parent support groups for first-time parents of re- 
cently born children), which has been described in detail 
elsewhere [30,35]. Briefly, the intervention, delivered by a 
dietitian comprised of six sessions delivered at three month 
intervals (15 months total) during the regular meeting time 
of the first-time parents' group. The intervention incorpo- 
rated a range of modes of delivery (e.g. brief didactic ses- 
sions, take-home DVD and newsletters) and educational 
strategies and covered topics such as basic nutrition princi- 
ples, parental modelling of eating, physical activity and sed- 
entary behaviours, limiting sedentary behaviour and 
provision of opportunities for physical activity. Mothers 
were asked to share and discuss the provided resources to 
fathers and other carers of their child. The control group 
families received usual care from their MCH nurse. 

First-time parent groups were selected across areas of 
all socio-economic position using a two-stage random 
sampling design. Sixty-two first-time parent groups were 
randomly selected from 14 local government areas 
within a 60 km radius of the research centre (Deakin 
University in Burwood, Victoria, Australia). Groups that 
consented to participate were randomly allocated to 
intervention or control arms. Inclusion criteria were 
English literacy and a minimum of eight parents in the 
groups consenting to participate (or six parents in low 
socio-economic position area groups). 

Exclusion criteria for this study included non-first time 
parents (n = 14), single parent families (n = 8), father as 
main carer (n = 1), same sex couple (n = 1) and 58 fa- 
thers who did not complete the baseline questionnaire. 
The sample available at baseline and described in Table 1 
consisted of 460 fathers. Post-intervention, 29 families 
were lost to follow-up and data were missing for 
108 -119 fathers depending on the outcome (i.e. diet, 
physical activity or sedentary behaviour). To minimize 
the effect of incomplete or missing data, analyses were 
conducted on separate samples for each main outcome, 
leading to a different sample for each (Figure 1): 1) diet- 
ary outcomes (n = 323), 2) physical activity (n = 312), 
and 3) sedentary behaviour (n = 316). 

Process evaluation was undertaken at each session 
and sought participants' feedback on the usefulness and 
relevance of the program. Respondents were asked 
to rate on a 4-point scale from "not at all useful/rele- 
vant" to "very useful/relevant." If participants did not 
attend sessions, data collection occurred in the home. 
Intervention materials were sent to non-attending par- 
ents, and a researcher telephoned to invite questions. 
Mothers were asked to share and discuss the provided 
resources to fathers and other carers of their child 
although no formal assessment of whether these re- 
sources were shared or discussed with other carers 
occurred. 
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Table 1 Baseline characteristics of fathers randomized to 
the intervention and control groups 





Intervention 


Control 


All 




n = 224 


n = 236 


n = 460 


Age (years) 


33.9 (4.8) 


34.5 (5.0) 


34.2 (4.9) 


BMI (kg/m 2 ) 


28.0 (5.1) 


27.6 (5.1) 


27.8 (5.1) 


BMI Category (%) 








Healthy weight 


28.6 


33.0 


30.8 


Overweight 


46.3 


45.5 


45.9 


Obese 


25.1 


21.4 


23.3 


Education level, 
% (95% CI) 








Low 


26.1 (18.4; 33.8) 


27.4 (21.2; 33.5) 


26.7 (21.8; 31.7) 


Intermediate 


33.0 (26.5; 39.6) 


33.0 (27.3; 38.8) 


33.0 (28.7; 37.4) 


High 


40.9 (31.2; 50.6) 


39.6 (30.3; 48.9) 


40.2 (33.5; 46.9) 


Country of birth, 
% (95% CI) 








Australia 


75.1 (70.1; 80.1) 


79.6 (74.4; 84.8) 


77.3 (73.7; 81.0) 


Other 


24.9 (19.9; 29.9) 


20.4 (15.2; 25.6) 


22.7 (19.0; 26.3) 


Language spoken at 
home, % (95% CI) 








English 


95.2 (91.8; 98.6) 


96.1 (93.3; 98.9) 


95.7 (93.4; 97.9) 


Other 


4.8 (1.4; 8.2) 


3.9 (1.1; 6.7) 


4.3 (2.1; 6.6) 



Figures are means (SD) unless stated otherwise. CI = Confidence Interval. 



The Melbourne InFANT program was approved by 
the Deakin University Human Research Ethics Commit- 
tee and the Victorian Government Department of 
Human Services, Office for Children, Research Coordin- 
ating Committee. Informed written consent was ob- 
tained from all participants. 

Measurements 

Data were collected using self-administered question- 
naires provided to fathers (via mothers) at baseline and 
post-intervention and related to diet, physical activity 
and television viewing behaviours. Questionnaires were 
returned at the next session attended or by mail and 
checked by research staff. Demographic and socio- 
economic variables included fathers' age; marital status; 
country of birth; main language spoken at home; em- 
ployment status and education level. Weight and height 
were also self-reported with body mass index (BMI) cal- 
culated as weight (kg) /height (m 2 ). 

Fathers' (and mothers') dietary data was collected at 
baseline and post-intervention using the previously vali- 
dated [36] Cancer Council Victoria Food Frequency 
Questionnaire (FFQ). This FFQ is an updated version of 
the semi-quantitative FFQ specifically developed for the 
Melbourne Collaborative Cohort Study [37] and has 
been previously validated using seven-day food diaries 
where correlation coefficients for energy-adjusted nutrient 



intakes ranged from 0.28 (vitamin A) to 0.78 (carbohy- 
drate) [36]. The FFQ has 10 response options for 98 food 
items ranging from "never" to "three or more times per 
day". Fathers were asked to indicate how often they had 
consumed each food or beverage item over the preceding 
12 months. These data were converted into daily equiva- 
lent frequencies according the Cancer Council Victoria 
protocol. Also included in the FFQ were 11 additional 
questions relating to the type and amount of milk con- 
sumed (glasses per day); the amount of diet and non-diet 
soft drinks consumed (glasses per day); the type and 
amount of bread consumed (slices per day); the number 
of eggs per week; and the frequency of consumption per 
week of both alcoholic and hot beverages. 

Fathers' total physical activity (both leisure and occu- 
pational) was assessed at baseline and post-intervention 
using the previously validated Active Australia Survey 
[38]. Fathers were asked to estimate the total duration 
they spent walking continuously (for at least 10 minutes); 
and doing both vigorous and moderate physical activity 
the week preceding the interview. Total physical activity 
time (in min/week) was calculated by summing the time 
spent in walking and moderate activity and twice the 
time spent in vigorous activity in accordance with The 
Active Australia survey protocol [39]. Any times greater 
than 840 min/week for a single activity type were trun- 
cated at 840 min/week (14 h). In addition, total time in 
all activities that were greater than 1680 min/week 
(28 h) were truncated at 1680 min/week. 

Fathers also reported the usual time spent watching 
television or videos/DVDs on weekdays and weekend 
days at baseline and post-intervention using an abridged 
version of a previously validated questionnaire [40]. 
An average daily time (in min/d) was calculated and 
weighted from the values reported for each type of day 
(weekday vs. weekend day). Watching television or vid- 
eos/DVDs is used as a proxy of sedentary behaviour. Re- 
ported durations and total television viewing time were 
truncated at 1080 min/day (18 h). 

Statistical analyses 

Based on similarities in food type, energy density and 
context of consumption, the 98 assessed foods and bev- 
erages were condensed into 54 groups. Frequencies of 
consumption of foods within each group were summed. 
Dietary patterns were derived in fathers at baseline in a 
previous study [28] using principal component analysis 
(PCA) with varimax rotation for the fifty-four food 
groups [41] accounting for 23.5% of the explained vari- 
ance. The number of patterns was selected considering 
eigenvalues >1 -0, the scree plot and the interpretability 
of the patterns [42]. To interpret the results and calcu- 
late the scores, we considered the items most strongly 
related to the pattern, i.e. those for which the loading 
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Eligible parents 

Primary carers attending first- 
time parent groups 
n=630 






Declined to participate 
n=88 








Consented to participate 
n=542 (86%) 







Randomized 
n=542 



Intervention 
n=271 



Final sample dietary outcomes 
Total n=323 



Exclusions 

Non-first time mothers 

n=14 

Single parent families n=8 
Same sex couple n=l 

Father as main carer n=l 
Incomplete baseline 
questionnaire n=58 
Total exclusions n= 82 



Lost to follow-up / data 
missing 

Lost to follow-up n=29 
Incomplete FFQn=108 
Incomplete physical activity 
n=119 
Incomplete sedentary 
behavior n=115 



Final sample physical activity 
outcomes 

Total n=312 



Control 
n=271 



Final sample sedentary 
behavior outcomes 

Total n=316 



Figure 1 Participant response, exclusions and follow-up. 



coefficient was > |0-15|. This threshold was chosen ac- 
counting for the overall range of loadings observed in our 
data (i.e. the ranking of foods in the pattern) and both the 
interpretability and differentiation of each pattern as well 
as previous studies of dietary patterns [43,44] resulting in 
the inclusion of 41 of the 54 food groups (Table 2). Due 
to the longitudinal design of our analyses, the factor 
scores for each dietary pattern identified at baseline 
were calculated at the individual level at both baseline and 
post-intervention. This was performed by summing the 



observed standardized frequencies of consumption per 
food group at each point in time weighted according to the 
factor loadings estimated at baseline. These factor loadings 
are either positive or negative and resulting scores for a 
given dietary pattern are the linear combinations of the ini- 
tial variables (standardized frequencies of consumption per 
food group) weighted according to the factor loadings. A 
negative score indicates food groups that they are inversely 
correlated to a dietary pattern while a positive score indi- 
cates positive correlation to a dietary pattern. 
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Table 2 Food groups loading 1 > 0.15 on each of the dietary patterns identified in fathers at baseline [28] 



Dietary pattern 



Food groups (loading) 



Pattern 1 Fruits 



Pattern 2 Potatoes and vegetables 



Pattern 3 High-fat foods 



Pattern 4 High energy snack and processed foods 



Fruits (common fresh: 0.27, other fresh: 0.29, tinned: 0.25), whole meal crackers (0.33), 
confectionary (0.33), non-fried fish (0.21), ricotta and cottage cheese (0.20), salty and 
non-whole meal biscuits (0.20), breakfast cereal (0.18), nuts other than peanuts (0.18), 
yoghurt (0.17), cakes and pastries (0.17), sweet biscuits (0.15), margarine or oil on 
vegetables (0.17), oil and vinegar salad dressing (0.16) 

Cooked vegetables (0.48), raw vegetables (0.45), legumes (0.42), potatoes cooked 
with no added fat (0.29) potatoes cooked with fat added (0.24), alcohol (0.16), 
cakes and pastries (-0.16) 

Fried fish (0.35), sausages (0.34), red meat (0.29), pizza (0.27), white bread (0.27), 
vegetables with butter added (0.20), savory pastries (0.17), salad dressing (0.17), 
potatoes cooked with fat added (0.16), bread other than white (-0.23), breakfast 
cereals (-0.23), yoghurt (-0.19), reduced fat milk (-0.18) 

Potato chips (0.28), chocolate products (0.28), ketchup (0.28), delicatessen meats 
(0.26), sweet biscuits (0.23), ice-cream (0.23), cheese (0.22), potatoes cooked with 
fat added (0.21),, cakes and pastries (0.20), savory pastries (0.20), potatoes cooked 
with no added fat (0.20), peanut products (0.18), bread other than white (0.17), 
yeast extract/spread (0.17), diet carbonated soft drinks (0.16), oil and vinegar 
salad dressing (-0.18) 



Absolute values. 

Factor loadings for food group indicated in parentheses. 



The primary analytic approach was based on the 
intention-to-treat principle, with all participants com- 
pleting follow-up surveys included in the treatment arm 
to which they were assigned. Baseline comparability of 
intervention and control arms was assessed using Chi 
square tests (categorical variables) and linear regression 
analyses (continuous variables). Analysis of covariance 
(ANCOVA) was used to measure the impact of the 
intervention on each of the six outcomes of interest 
(the four dietary patterns scores, total physical activity 
and TV viewing time). Resulting residuals were checked 
in terms of distribution and independence, and dependent 
variables consequently transformed when needed (square- 
root transformations for physical activity and TV viewing 
time). Additional analyses of covariance were undertaken 
which also accounted for three well understood covariates 
of the outcomes studied; educational level, age, and weight 
status defined in 2 categories (namely BMI < 25 kg/m2 
and BMI > 25 kg/m2). Clustering by first-time parents 
group was accounted for in all models. Adjusted param- 
eter estimates and 95% CI were calculated. The accepted 
significance level was set at 5%. Analyses were computed 
using Stata software (release 12; StataCorp LP, College 
Station, TX, USA). 

Results 

Table 1 presents the baseline characteristics of partici- 
pating fathers. There were no baseline differences be- 
tween those randomized to the control and intervention 
groups. Fathers' mean age was 34.2 years (s.d.4.9) and 
mean BMI was 27.8 kg/m 2 (s.d.5.1). The majority 
(40.2%) of fathers had achieved a university education, 
33.0% trade and certificate qualifications and 26.7% 
secondary schooling or below. English was the main 



language spoken at home with slightly over three quar- 
ters of the sample born in Australia. There were no sig- 
nificant differences in baseline characteristics between 
those lost to follow-up or excluded from analyses and 
those retained at 15 months. 

Total physical activity (min/week) was found to be suf- 
ficient for health in approximately 73% of participants 
irrespective of treatment group according to Australian 
National Guidelines [45]. Participant screen time use 
was approximately 2.5 hours per day. This is comparable 
to previously reported results in the adult population. 
The mean change in dietary pattern scores, screen time 
and total physical activity in both groups at baseline 
and follow-up is presented in Table 3. There was no 
beneficial intervention vs. control effect in dietary pattern 
score, screen time or total physical activity at either time 
point when adjusted for baseline score or when further ad- 
justed for paternal education, paternal age or paternal 
BMI category (BMI < 25 kg/m 2 and BMI > 25 kg/m 2 ). 

Discussion 

This study sought to examine whether an early child- 
hood obesity prevention intervention incorporating a 
parent behavioural modelling component, altered obesity 
risk behaviours of fathers. The findings show that the 
intervention, with mothers as the point of contact, had 
no beneficial impact on the diet, physical activity and 
sedentary behaviours of fathers. The presence of a bene- 
ficial outcome in mothers (who were the point of con- 
tact for this intervention) but not fathers, supports the 
notion that direct contact in an intervention may be ne- 
cessary to change fathers' health behaviours. 

Reasons for the absence of any impact on fathers' 
obesity-related behaviours may have included paternal 



Table 3 Adjusted fathers' dietary patterns scores, physical activity and sedentary behaviors at post-intervention 



Baseline Follow-up 
Intervention Control Intervention Control 



Difference 
(intervention - control), 
adjusted for baseline (95% CI) 2 



P-value Difference P-value 

(intervention - control), 
adjusted for baseline and 
covariates (95% CI) 3 



n Mean (SD) 



Mean (SD) Mean (SD) Mean (SD) 



"Fruits" pattern scores 



163 -0.10 (1.45) 160 0.11 (1.61) 



"Potatoes and vegetables" 1 63 -0.1 2 (1 .1 7) 1 60 0.1 2 (1 .24) 
pattern scores 



"High-fat foods" 
pattern scores 

"High-energy snack and 
processed foods" pattern 
scores 

Total physical activity 
(min/week) 4 

Sedentary behaviour 
(min/day) 4 



163 0.08(1.64) 160 -0.08(1.27) 
163 0.08(1.36) 160 -0.08(1.38) 



-0.16 (1.17) 
-0.06 (1.17) 

0.05 (1.14) 

-0.04(1.32) 



0.16 (1.46) 
0.06 (1.26) 

-0.05 (1.48) 

0.04 (1.39) 



159 403.5(373.9) 153 449.0(434.5) 424.3(390.9) 464.0(396.1) 

1 60 1 59.5 (86.5) 1 56 1 65.0 (99.9) 1 57.0 (1 35.4) 1 55.6 (1 32.0) 



-0.21 (-0.44;0.02) 
0.01 (-0.23;0.26) 

0.03 (-0.27:0.32) 

-0.17 (-0.39:0.05) 

-0.58 (-2.67:1.51) 
0.21 (-0.76:1.17) 



0.076 
0.89 

0.86 

0.13 

0.58 
0.67 



-0.25 (-0.48; -0.02) 
0.02 (-0.23:0.27) 

0 (-0.30:0.30) 

-0.16 (-0.37:0.06) 

-0.92 (-2.96; 1.12) 
0.24 (-0.74; 1 .22) 



0.033 
0.85 

0.99 

0.15 

0.37 
0.63 



Adjusted for baseline value; Adjusted for baseline value, paternal education level, paternal age, and paternal pre-pregnancy weight status defined in 2 categories (namely BMI < 25 kg/m and BMI>25 kg/m ); 
4 Square-root transformation of the dependent variable in the linear regression analysis. 
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attitudes towards infant diet and physical activity behav- 
iours (i.e. they may perceive this to be a maternal do- 
main), that the intervention materials were not shared 
or discussed with them by their partners or that simply, 
it was construed by fathers as irrelevant to them. Quali- 
tative work is needed to gain an understanding of 
fathers' perceptions about their role in influencing chil- 
dren's eating and activity behaviours. Whilst qualitative 
understandings of father's perceptions of their roles in 
the first year of life exist [46-48], qualitative understand- 
ings of mother's perceptions of father's roles in these do- 
mains would also be valuable. 

The present study identified four dietary patterns in 
fathers. Common characteristics were identified between 
the present findings and a study involving Australian 
women aged 25-30 and 50-55 years [49]. That study 
used comparable methodology but included dietary pat- 
terns with a higher level of detail regarding food items 
as a higher number of food groups were considered in 
that study. Two identified patterns labelled 'Processed 
meat, meat and takeaway' and 'High-fat and sugar foods', 
were similar to patterns we identified (namely 'High-fat 
foods' and 'High-energy snack and processed foods'). 

International studies have also shown some consis- 
tency with these findings. Crozier et al, identified two 
main patterns in their UK study involving 6125 non- 
pregnant women aged 20-34 years [43]; 'Prudent' and 
'High-energy'. The patterns identified in the present 
study, 'Fruits' and 'Potatoes and vegetables' have similar 
characteristics to the 'Prudent' pattern. Conversely, pat- 
terns with high loadings for red and processed meats, 
refined grains, and processed foods have often been la- 
belled as 'Western' [44], similar to the 'High-fat foods' 
and 'High-energy snack and processed foods' patterns 
identified in the present study. 

Literature suggests an important role of fathers in chil- 
dren's development; however scant evidence exists re- 
garding the influence of fathers on the obesity risk- 
related behaviours of very young children [50]. Maternal 
associations with young children's diet and physical ac- 
tivity behaviours through role modelling and other prac- 
tices has been widely reported [11,15,16,51], whereas 
reports on the paternal associations with these behav- 
iours has occurred with less frequency and generally 
only in school-aged children or adolescents [26]. In one 
of the few studies to examine the associations between 
child behaviours and both parents, Moore et al, in their 
cross-sectional analysis of data from the Framingham 
Children's Study, described associations between chil- 
dren and both parents. They reported that children of 
active mothers were twice as likely to be active as 
children of inactive mothers; whilst having an active 
father was associated with children who were 3.5 times 
more active [19]. Based on these results, it may be that 



stronger intervention effects could be achieved if inter- 
ventions are delivered to both parents. 

The findings in the present study provide important 
insights into first-time fathers' dietary, physical activity 
and sedentary behaviours and highlight that overweight 
and obesity is highly prevalent in this group. Whilst the 
obesity risk behaviours of men and fathers in general 
have been reported previously [2,52,53], the subgroup of 
first-time fathers has not, to our knowledge, been stud- 
ied. The diet, physical activity and sedentary behaviour 
profiles of first-time fathers described in this study are 
an important snap-shot of the behaviours first-time 
fathers display to their children. Greater knowledge of 
these behaviours will allow the design of appropria- 
tely targeted, family-based interventions concerning the 
health behaviours of infants and young children. Family- 
based interventions targeting both parents, that influ- 
ence the development of healthy family physical activity 
and food environments for infants and young children, 
may prove to be important in addressing childhood 
obesity levels. 

Our investigation was novel in its focus on first-time 
fathers. Study strengths included a randomized design, 
high response and retention rates and the large percent- 
age of fathers that completed data collection despite 
their partners being the point of contact. There were 
some limitations to the study that should be noted. 
Factor analysis inherently involves some subjectivity, 
however, a review by Newby and colleagues reported 
considerable reproducibility of dietary patterns across 
most studies in adults [44]. Furthermore, since identify- 
ing the effects of the intervention was the goal of this 
study, the subjective nature of dietary pattern identifica- 
tion is unlikely to have affected our findings. The ability 
of the FFQ to detect change is unclear. The FFQ has 
been used to previously to assess dietary change in large 
intervention studies [52] and whilst it has been validated 
for dietary information collection, there is potential un- 
certainty around measuring dietary change. 

Dietary, physical activity and sedentary behaviour data 
was self-reported or possibly reported by mothers on be- 
half of fathers and therefore susceptible to social desir- 
ability bias and imprecision, however the tools used for 
collection of these data have been previously validated 
[36,38]. As discussed in the methods, we have no meas- 
ure of the extent to which the intervention was delivered 
to fathers by their partners. This may have impacted the 
findings seen here. 

Conclusion 

The Melbourne InFANT program was an early child- 
hood obesity prevention intervention with a strong focus 
on parent modelling, promoting the development of 
healthy eating and active play behaviours from early 
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infancy. The primary point of contact for the interven- 
tion was mothers, and we have shown here that the 
intervention had no beneficial effect on fathers' health 
behaviours. Based on the established links between chil- 
dren's obesity-related behaviours and those of their 
fathers, a need exists for investigations testing the effect- 
iveness of interventions delivered directly to fathers 
(or both parents) in the context of the dietary and phys- 
ical activity environments of infants and young children. 
These investigations could also examine the attitudes 
of fathers towards children's diet and physical activity 
behaviours to allow a stronger understanding of why 
fathers do or do not engage in family-based interven- 
tions as well as why fathers do or do not engage in 
healthful or un-healthful behaviours for themselves and 
their children. Accordingly, assessment of the impact of 
obesity prevention interventions delivered to both par- 
ents would allow the quantification of the additional 
effects of including fathers in such programs. 

Abbreviations 

BMI: Body mass index; FFQ: Food frequency questionnaire; InFANT: Infant 
feeding activity and nutrition trial; RCT: Randomized controlled trial. 

Competing interests 

The authors declare no conflicts of interests. 
Authors' contributions 

AW drafted and edited the manuscript, contributed to the interpretation 
of the results and had primary responsibility for the final content. SL 
conducted the statistical analysis, contributed to the interpretation of the 
results and drafted and edited the manuscript. SAM conducted the dietary 
data collection, guided the statistical analysis, contributed to the 
interpretation of the results and edited the manuscript. DC guided the 
statistical analysis, contributed to the interpretation of the results, drafted 
and edited the manuscript. AJC contributed to the interpretation of the 
results and drafted and edited the manuscript. KH designed and led the 
Melbourne InFANT Program, guided the statistical analysis, contributed to 
the interpretation of the results, drafted and edited the manuscript. KJC was 
the principal investigator on the Melbourne InFANT Program. She designed 
and led that study, conducted the dietary data collection, guided the 
statistical analysis, contributed to the interpretation of the results and drafted 
and edited the manuscript. All authors read and approved the final 
manuscript. 

Acknowledgements 

This study was funded by an Australian National Health and Medical Research 
Council Project Grant (no. 425801). Si. was supported by an Alfred Deakin 
Postdoctoral Fellowship (Deakin University). A.J.C was supported by a National 
Health and Medical Research Council post-doctoral training fellowship. K.H. was 
supported by a National Heart Foundation of Australia Career Development 
Award. SAM. was supported by an Australian Research Council Future 
Fellowship (m 001 00581). D.C and KJ.C were supported by fellowships 
from the Victorian Health Promotion Foundation. 

Received: 23 July 2013 Accepted: 6 February 2014 
Published: 14 February 2014 

References 

1. Australian Institute of Health and Welfare (AIHW): Australia's Health 2010. 
Canberra: Australian Government; 2010. 

2. Craig R, Mindell J, Hirani VE (Eds): Health Survey for England - 2008: Physical 
Activity and Fitness, Summary of Key Findings. Leeds, United Kingdom: The 
NHS Information Centre; 2009. 



3. Ogden C, Carroll M: Prevalence of Obesity Among Children and Adolescents: 
United States, Trends 1963-1965 Through 2007-2008. Atlanta: Centres for 
Disease Control and Prevention; 2010. 

4. Hardus PM, van Vuuren CL, Crawford D, Worsley A: Public perceptions of 
the causes and prevention of obesity among primary school children. 
IntJObes 2003, 27(1 2):1 465-1 471. 

5. Rosner B, Prineas R, Daniels SR, Loggie J: Blood pressure differences 
between blacks and whites in relation to body size among US children 
and adolescents. Am J Epidemiol 2000, 1 5 1 (1 0):1 007-1 01 9. 

6. van der Horst K, Oenema A, Ferreira I, Wendel-Vos W, Giskes K, van Lenthe F, 
Brug J: A systematic review of environmental correlates of obesity-related 
dietary behaviors in youth. Health Educ Res 2007, 22(2)203-226. 

7. Sallis JF, Prochaska JJ, Taylor WC: A review of correlates of physical activity 
of children and adolescents. Med Sci Sports Exerc 2000, 32(5):963-975. 

8. Northstone K, Emmett PM: Are dietary patterns stable throughout early and 
mid-childhood? A birth cohort study. Br J Nutr 2008, 100(5):1 069-1 076. 

9. Biddle SJ, Pearson N, Ross GM, Braithwaite R: Tracking of sedentary behaviours 
of young people: a systematic review. Prev Med 201 0, 51 (5):345-351 . 

10. Craigie AM, Lake AA, Kelly SA, Adamson AJ, Mathers JC: Tracking of 
obesity-related behaviours from childhood to adulthood: a systematic 
review. Maturitas 201 1, 70(3):266-284. 

11. Campbell K, Crawford D: Family food environments as determinants of 
preschool-aged children's eating behaviours: implications for obesity 
prevention policy, a review. Aust J Nutr Diet 2001, 58(1 ):1 9-25. 

12. Berge JM, Wall M, Neumark-Sztainer D, Larson N, Story M: Parenting style 
and family meals: cross-sectional and 5-year longitudinal associations. 
J Am Diet Assoc 201 0, 1 1 0(7):1 036-1 042. 

13. Birch LL: Effects of Peer Model's food choices and eating behaviors on 
preschoolers' food preferences. Child Dev 1980, 51(2)489-496. 

14. Birch LL, Fisher JO: Development of eating behaviors among children and 
adolescents. Pediatrics 1998, 101 (3):539. 

15. Gustafson SL, Rhodes RE: Parental correlates of physical activity in 
children and early adolescents. Sports Med 2006, 36(1):79-97. 

16. Skinner JD, Carruth BR, Bounds W, Ziegler PJ: Children's food preferences: 
a longitudinal analysis. J Am Diet Assoc 2002, 102(1 1):1 638-1 647. 

17. Cooke LJ, Wardle J, Gibson EL, Sapochnik M, Sheiham A, Lawson M: 
Demographic, familial and trait predictors of fruit and vegetable 
consumption by pre-school children. Public Health Nutr 2004, 7(2):295-302. 

18. Carnell S, Cooke L, Cheng R, Robbins A, Wardle J: Parental feeding 
behaviours and motivations. A qualitative study in mothers of UK 
pre-schoolers. Appetite 201 1, 57(3):665-673. 

19. Moore LL, Lombardi DA, White MJ, Campbell JL, Oliveria SA, Ellison RC: 
Influence of parent's physical activity levels on activity levels of young 
children. J Pediatr 1991, 1 18:215-219. 

20. Jago R, Davison KK, Brockman R, Page AS, Thompson JL, Fox KR: Parenting 
styles, parenting practices, and physical activity in 10- to 11 -year olds. 
Prev Med 2011, 52(1)44-47. 

21. Hall L, Collins CE, Morgan PJ, Burrows TL, Lubans DR, Callister R: children's 
intake of fruit and selected energy-dense nutrient-poor foods is associ- 
ated with fathers' intake. J Am Diet Assoc 201 1 , 1 1 1 (7):1 039-1 044. 

22. Cleland V, Timperio A, Salmon J, Hume C, Telford A, Crawford D: A 
longitudinal study of the family physical activity environment and 
physical activity among youth. Am J Health Promot 201 1, 25(3):1 59—1 67. 

23. Morgan PJ, Lubans DR, Callister R, Okely AD, Burrows TL, Fletcher R, Collins 
CE: The 'Healthy Dads, Healthy Kids' randomized controlled trial: efficacy 
of a healthy lifestyle program for overweight fathers and their children. 
IntJObes 201 1, 35(3)436-447. 

24. Mcintosh A, Kubena KS, Tolle G, Dean W, Kim M-J, Jan J-S, Anding J: Deter- 
minants of children's use of and time spent in fast-food and full-service 
restaurants. J Nutr Educ Behav 201 1, 43(3):1 42-1 49. 

25. Feunekes GU, Stafleu A, de Graaf C, van Staveren WA: Family resemblance 
in fat intake in the Netherlands. Eur J Clin Nutr 1997, 51(12)793-799. 

26. Oliveria SA, Ellison RC, Moore LL, Gillman MW, Garrahie EJ, Singer MR: 
Parent-child relationships in nutrient intake: the Framingham Children's 
Study. Am J Clin Nutr 1992, 56(3):593-598. 

27. Northstone K, Emmett PM: Dietary patterns of men in ALSPAC: associations 
with socio-demographic and lifestyle characteristics, nutrient intake 

and comparison with women's dietary patterns. Eur J Clin Nutr 2010, 
64(9):978-986. 

28. Lioret S, McNaughton SA, Crawford D, Spence AC, Hesketh K, Campbell KJ: 
Parents' dietary patterns are significantly correlated: findings from the 



Walsh et al. International Journal of Behavioral Nutrition and Physical Activity 201 4, 11:18 
http://www.ijbnpa.org/content71 1/1/18 



Page 9 of 9 



29. 
30. 

31. 

32. 

33. 
34. 
35. 

36. 

37. 



39. 
40. 

41. 

42. 

43. 
44. 
45. 



47. 



50. 



51. 



Melbourne infant feeding activity and nutrition trial program. Br J Nutr 
2012, 108(03):5 18-526. 

Northstone K: Dietary patterns: the importance of sex differences. 

Br J Nutr 201 2, 1 08(03):393-394. 

Campbell KJ, Lioret S, McNaughton SA, Crawford DA, Salmon J, Ball K, 
McCallum Z, Gerner BE, Spence AC, Cameron AJ, Hnatiuk JA, Ukoumunne 
OC, Gold L, Abbott G, Hesketh KD: A parent-focused intervention to 
reduce infant obesity risk behaviors: a randomized trial. Pediatrics 2013, 
131(4):652-660. 

Lioret S, Cameron AJ, McNaughton S, Crawford D, Spence AC, Hesketh K, 
Campbell KJ: Association between maternal education and diet of 
children at 9 months is partially explained by mothers' diet. Matern Child 
Nutr 20}3. 1740-8709 (Electronic) doi:10.1 1 1 1/mcn.l 2031 . 
Cameron AJ, Ball K, Hesketh KD, McNaughton SA, Salmon J, Crawford DA, 
Lioret S, Campbell KJ: Variation in outcomes of the Melbourne Infant, 
Feeding, Activity and Nutrition Trial (InFANT) Program according to 
maternal education and age. Prev Med 2014, 58:58-63. 
Mcintosh A, Zey M: Women as gatekeepers of food consumption: a 
sociological critique. Food and Foodwoys 1989, 3(4)31 7-332. 
Wansink B: Profiling nutritional gatekeepers: three methods for 
differentiating influential cooks. Food Quality & Preference 2003, 14(4):289. 
Campbell K, Hesketh K, Crawford D, Salmon J, Ball K, McCallum Z: The 
Infant Feeding Activity and Nutrition Trial (INFANT) an early intervention 
to prevent childhood obesity: cluster-randomised controlled trial. 
BMC Public Health 2008, 8:1 03-1 1 1 . 

Hodge A, Patterson AJ, Brown WJ, Ireland P, Giles G: The Anti Cancer 
Council of Victoria FFQ: relative validity of nutrient intakes compared 
with weighed food records in young to middle-aged women in a study 
of iron supplementation. Aust N Z J Public Health 2000, 24(6)376-583. 
Ireland P, Jolley D, Giles G, O'Dea K, Powles J, Rutishauser I, Wahlqvist ML, 
Williams J: Development of the Melbourne FFQ: a food frequency 
questionnaire for use in an Australian prospective study involving an 
ethnically diverse cohort. Asia Pac J Clin Nutr 1994, 3(1 ):1 9-31. 
Brown WJ, Trost SG, Bauman A, Mummery K, Owen N: Test-retest reliability 
of four physical activity measures used in population surveys. J Sci Med 
Sport 2004, 7(2):205-215. 

Australian Institute of Health and Welfare: The Active Australia Survey: A 

Guide and Manual for Implementation, Analysis and Reporting. Canberra; 

Australia: Australian Institute of Health and Welfare; 2003. 

Salmon J, Owen N, Crawford D, Bauman A, Sallis JF: Physical activity and 

sedentary behavior: a population-based study of barriers, enjoyment, 

and preference. Health Psychol 2003, 22(2):1 78-188. 

Kline P: An Easy Guide to Factor Analysis. London: Routledge; 1994. 

Cattell RB: The scree test for the number of factors. Multivar Behav Res 

1966, 1 (2):245-276. 

Crozier SR, Robinson SM, Borland SE, Inskip HM: Dietary patterns in the 
Southampton Women's Survey. Eur J Clin Nutr 2006, 60(1 2):1 391 -1399. 
Newby PK, Tucker KL: Empirically derived eating patterns using factor or 
cluster analysis: a review. Nutr Rev 2004, 62(5):1 77-203. 
Commonwealth of Australia: National Physical Activity Guidelines for Adults. 
Canberra: Dept of Health and Ageing; 1999. 
Hallgreen A, Kihlgren M, Forslin L, Norberg A: Swedish fathers' 
involvement in and experiences of childbirth preparation and childbirth. 
Midwifery 1999, 15(1):6-15. 

Finnbogadottir H, Crang Svalenius E, Persson EK: Expectant first-time 
fathers' experiences of pregnancy. Midwifery 2003, 19(2):96-105. 
Lamb ME: The Role of the Father in Child Development (5th ed). Hoboken, 
NJ US: John Wiley & Sons Inc; 2010. 

Mishra GD, McNaughton SA, Ball K, Brown WJ, Giles GG, Dobson AJ: 
Major dietary patterns of young and middle aged women: results from 
a prospective Australian cohort study. Eur J Clin Nutr 2010, 
64(1 0):1 125-1 133. 

Ball J, Moselle K, Pedersen S: Father's involvement as a determinant of child 
health. Presented at Public Health Agency of Canada, Population Health Fund 
Project. ; 2007:1-35. 

Davison KK, Cutting TM, Birch LL: Parents' activity-related parenting 
practices predict girls' physical activity. Med Sci Sports Exerc 2003, 
35(9):1 589-1 595. 



52. 



53. 



Cameron AJ, Welborn TA, Zimmet PZ, Dunstan DW, Owen N, Salmon J, 
Dalton M, Jolley D, Shaw JE: Overweight and obesity in Australia: the 
1999-2000 Australian diabetes, obesity and lifestyle study (AusDiab). 

Med J Aust 2003, 1 78(9):427-432. 

Candelaria Jl, Sallis JF, Conway TL, Saelens BE, Frank LD, Slymen DJ: 
Differences in physical activity among adults in households with and 
without children. J Phys Act Health 2012, 9(7):985-995. 



doi:1 0.1 1 86/1 479-5868-1 1-18 

Cite this article as: Walsh et al:. The effect of an early childhood obesity 
intervention on father's obesity risk behaviors: the Melbourne InFANT 
Program. International Journal of Behavioral Nutrition and Physical Activity 
2014 11:18. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



